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The damping coefficient of zero sound in a Fermi liquid is obtained on the basis of Landau’s phenomeno-
logical theory using perturbation theory. The expression obtained is exact, if corrections of order

(wT)™® are not taken into account.

THE question of the absorption of zero sound in a
Fermi liquid was first investigated in the classical
work of Landau.!'? Subsequently, Abrikosov and Kha-
latnikovE?1 found, on the basis of the Landau theory, the
damping coefficient of zero-sound in the 7-approxima-
tion. Eliashberg[:‘l applied the microscopic Fermi-
liquid theory to this problem. Theoretical interest in
zero-sound has increased!®”°®1 since Abel, Anderson
and Wheatley!”? detected zero sound in a Fermi liquid
experimentally. !

Brooker and Sykest®! found exact values for the ki-
netic coefficients of a Fermi liquid in the limit of low
temperatures, from which the exact value of the damp-
ing coefficient of hydrodynamic sound in the Fermi liq-
uid is obtained directly. It is shown in the present pa-
per that the damping coefficient of zero sound can be
calculated to the same accuracy in perturbation theory
with the small parameter equal to
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(Here m* is the effective mass, T is the tempera-
ture, w is the frequency, and 6 is the angle between p
and p,; ¢ is the angle between the planes p, p, and
p’, pi and W(4, @) is the cross section for the scatter -
ing of quasiparticles at the Fermi surface.) If we go
over into the 7-approximation, as in (21 this quantity
will play the role of 1/wT, and the general formula (6)
for the damping coefficient of zero sound goes over, as
it should, into the corresponding formula of Abrikosov
and Khalatnikov.

We confine ourselves to calculating the principal
term of the perturbation theory series and neglect cor-
rections of relative order (T/Tg)” arising from the fact
that the momenta of the interacting quasiparticles do not
lie exactly on the Fermi surface.

We shall examine, for definiteness, the longitudinal
sound. The kinetic equation for the Fourier component
of the non-equilibrium correction to the distribution
function
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In (2) we have put Fy, =0 for n =2, 3, ... . We note

that in principle, we can take into account any finite’
number of Fp.
We introduce the notation (n =0, 1, ...):

_ (42 W)
ﬁ"—j 2% cos(0/2)

0 _.
[P,. (cos 6)— P, (cosz 5 + sin® g— cos (p)

] 0
——Pn(cosz7—sinz?cos(p)],
_ me T j- aQ W(e,9)

T 12070 2w cos(8/2)

1
T

We divide (2) by £ — cos x and average over cos X with,
weight %P,(cos x). We have
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where s, is the velocity of sound at T =0°K and Qnlsy)
is a Legendre function of the second kind (see, €.8.,
t9]). )

In the kinetic equation we shall retain the terms lin=
ear in 1/wT. Then, in the right-hand side of (2), we.
must substitute for vy(t) only the first terms of (3)
After the substitution, (2) acquires the form
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We multiply (4) successively by (& —cos 3y and
cos x (£ — cos x)~* and average over cos x. We lin-
earize the resulting equations with respect to 1/wT 28
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integrate over t with weight an /at; finally, from the
gondition that the equations be consistent, we obtain the
fiispersion equation
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From (5) it is clear that the equation for the velocity of
gpund has remained unchanged compared with [ 2], and
for the damping coefficient ¢ =Im k we have

)

= 120, J 2x cos(0/2 —
1 28w F | 1 (6)
X(s:—1 v 1+F,/3) i

Fputting B, =0, where n =2, 3, ..., in (6), we ar-

e at a formula which coincides with the correspond-

formula in the paper by Abrikosov and Khalatnikov.

The true dependence of the cross section W(6, @) on
e angles is not known. To compare the result obtained
pith experiment, we take the cross section W(0, ¢) in
fisisimplest form. We assume, in the first place, that
flie cross section does not depend on the azimuthal an-
%,q). According to general scattering theory (cf., e.g.,

1), the total scattering cross section for unpolarized
gpin-7 particles is
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where Ajy(0) and A4y (0) are the scattering ampli-
dés with parallel and antiparallel spins respectively.
We represent them in the form of an expansion in Le-
fendre polynomials, following Abrikosov and Khalatni-
koy
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Wrmake use of recent experimental values ™7 of By
By, Zo, and Z, (Z, is determined from the condition
%ZO) =0) and, as is usual, put all the succeeding terms
Bfthe sum equal to zero. As a result, we find for He® at
dptessure of 0.28 atm
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W(0)= (5,92 +5.24 cos 8 + 6.19 cos* 0). (8)
+ We note that, in all the papers on Fermi liquids
kgwn to us in which W(8, ) is calculated (including
@50 2 paper of one of the authors(*®J), the scattering
mplitudes occur in (7) with other weights, and this
ds to different numerical coefficients in (8)."
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Analysis of the sum in (6) shows that for sZ>> 1, to
calculate « accurate to within 10% it is sufficient to
take the first three terms of the sum. Substituting the
cross section (8) and the values!*] vp =5.38
x 10° cm/sec and pgp/h =7.88 x 10" em™* in (6), we
find @T™® =0.8 x 10° cm ™t deg™® the experimental
value of aT™ ist™) 1.5 x 10° cm ~hdeg ™2

The discrepancy between the experimental and theo-
retical values of & can be due to two reasons: firstly,
using the cross section in the crudely approximate form
(8), we should expect agreement with experiment only
in order of magnitude; secondly, the experimental accu-
racy!™ #1js not great, since the error in the determina-
tion of the temperature, according to Wheatley,l 21 is
of the same order as the temperatures themselves at
which damping of the zero sound was measured.

To conclude, the authors express their thanks to
Professor I. M. Khalatnikov for his interest in the work
and for discussion.

1)Substituting the cross section (8) in the formulas of Brooker and

. Sykes [®] for the viscosity  and thermal conductivity « we find nT2 =

1.6 X 107 poise-deg? and T = 38 g-cm-sec”®, which agrees better with
the experimental values ['2] T2 = 2.0 X 1076 poise-deg?, kT = 35 g-cm-
sec?, than do the values nT2 = 2.5 X 1076 poise-deg?, kT = 50 g-cm-sec™3
calculated in [8].
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